INTRODUCTION
The 2003 Lancet series on child survival identified the promotion of exclusive breastfeeding (EBF) during the first 6 mo of life and continued breastfeeding to 12 mo as the single most effective preventive public health intervention for reducing mortality among children aged ,5 y (1). More recently, the 2008 Lancet series on maternal and child undernutrition estimated that 1.06 million child deaths (10% of all mortality in children aged ,5 y) are attributable to nonexclusive breastfeeding in the first 6 mo of life (2) . Most of the data supporting these analyses came from studies conducted in Asia and Latin America (3) (4) (5) (6) . In Africa, where .40% of the world's deaths of children aged ,5 y occur each year, breastfeeding is nearly universal and prolonged, but EBF is rare (7) . Over the past 8 y, accumulating evidence that early EBF substantially lowers the risk of breastfeeding-associated HIV transmission more than does predominant breastfeeding (PBF) or mixed breastfeeding (MBF) (8) (9) (10) has led to renewed enthusiasm for EBF promotion in sub-Saharan Africa, at least for HIV-infected mothers. Two studies in Ghana have examined EBF-associated health benefits for infants born to HIV-negative mothers. The first study observed higher neonatal mortality among MBF and PBF infants than among EBF infants, although the risk associated with PBF was not statistically significant. The second study (a multisite study in which 31% of the infants were Ghanaian) found no difference in mortality risk between EBF and PBF infants and no difference in hospitalization rates between EBF and either PBF or MBF infants (11) . The authors of that study concluded that efforts should focus on sustaining high rates of PBF rather than encouraging mothers to practice strict EBF.
The ZVITAMBO (Zimbabwe Vitamin A for Mothers and Babies) trial enrolled 14,110 mother-infant pairs and assessed early infant feeding practices. Among the 4495 mothers who were HIV-positive at delivery, 2060 of their infants were HIVnegative (by polymerase chain reaction) at 6 wk and continued to be breastfed. Compared with early EBF, PBF and MBF infants before 3 mo of age had, respectively, 2.6 and 4.0 times greater risks of breastfeeding-associated HIV transmission by 6 mo and 1.6 and 2.6 times greater risks of transmission by 18 mo (9).
These findings indicated that early introduction of solid foods and nonhuman milk (MBF) conveys an especially high risk of HIV transmission, but that feeding even nonmilk fluids (PBF) increases transmission risk. In the present study, we investigated whether EBF is also associated with lower morbidity among infants in the same study population whose mothers tested HIVnegative at delivery and remained HIV-negative throughout the breastfeeding period. The results of this study would help clarify whether universal promotion of early EBF would benefit all infants, whether HIV-exposed or not.
SUBJECTS AND METHODS
The design of the ZVITAMBO trial was described elsewhere (9, 12) . In brief, 14,110 mother-infant pairs were recruited within 96 h of delivery at 14 hospitals and clinics in greater Harare between November 1997 and January 2000. The vast majority of Harare residents had tap water and sanitation facilities at the time of the study. Mother-infant pairs were eligible if neither had an acutely life-threatening condition, the infant was a singleton with a birth weight 1500 g, and the mother planned to stay in Harare after delivery. Written informed consent was obtained. Information on baseline characteristics was obtained by questionnaire or transcription from medical records. Gestational age was estimated (13) . Infant birth weight (model 727; Seca Hanover, MD) and maternal midupper arm circumference (MUAC) were measured (14) . Household income was adjusted for inflation and converted to US dollars.
At enrollment, women were tested for HIV by an algorithm incorporating 2 enzyme-linked immunosorbent assays and Western blot as previously described (12) . Women who tested negative at baseline were retested at every subsequent blood draw to identify those who seroconverted postpartum. Hemoglobin was measured in women enrolled from October 1998 to the end of the study ('60% of the total sample) by using a hemoglobinometer (HemoCue, Mission Viejo, CA).
Follow-up visits were conducted at 6 wk, 3 mo, and every 3 mo thereafter up to 24 mo. At each scheduled visit, mothers were asked if, since the previous visit, their infant had been taken to a health care provider for treatment of an illness. The date and reason for each visit were determined from records completed by the health care provider who attended the infant, or, when these records were not available, by maternal report. If a child was sick when making a scheduled study visit, or if a sick child presented to the research clinic between scheduled visits, free treatment was provided by the study. Public sector health care was free of charge for children aged ,5 y when recruitment for the trial began. However, as economic conditions declined during the period of the study, fees were sometimes charged and medicines were occasionally out of stock. The Medical Research Council of Zimbabwe, Medicines Control Authority of Zimbabwe, Johns Hopkins Bloomberg School of Public Health Committee on Human Research and Montreal General Hospital Ethics Committee approved the ZVITAMBO trial protocol.
Definition of breastfeeding
Detailed infant feeding information was collected at baseline, 6 wk (28-56 d), and 3 mo (77-105 d). At each of these 3 visits, the mothers were asked whether any of 22 items had ever been given to the infant since birth. These included nonmilk liquids (eg, plain water, sugar water, and juice), nonhuman milks (eg, infant formula and cow milk), solid foods (eg, porridge, fruit, vegetables, and eggs), and medicines (eg, gripe water, traditional, and prescribed Western oral medicines). Because enrollment occurred anytime between birth and 96 h, to avoid misclassification due to age at baseline, at 6 wk, mothers were also asked how the infant was fed during the entire first 96 h; this information was considered together with the data collected at baseline in classifying baseline feeding practice. At 6 wk and 3 mo, the mother was also asked whether any of the 22 foods had been given to the infant within the previous 7 d.
The World Health Organization definitions for EBF, PBF, and MBF were used (15) . EBF was defined as breast milk and Western oral medications only, PBF was defined as breast milk and nonmilk liquids including oral rehydration solution (ORS), and MBF was defined as breast milk and nonhuman milk or solid food. For each infant, the breastfeeding pattern for 2 intervals (birth to 6 wk and birth to 3 mo) was defined in 2 ways: 
Statistical analysis
Statistical analysis was conducted by using Stata version 9.2 (StataCorp LP, College Station, TX). Baseline characteristics were compared between EBF, PBF, and MBF infants defined by the 7-d history at 3 mo. Between-group differences were tested by using chi-square and Kruskal-Wallis tests for categorical and continuous variables, respectively.
Preliminary analyses showed that a significantly greater proportion of MBF infants than EBF infants at baseline had an APGAR score ,8, had a birth weight ,2500 g, had a gestational age ,37 wk, and had been delivered by a mode other than normal vaginal delivery. For nearly all (642/645) of these MBF infants at baseline, the food that resulted in their being classified as MBF was commercial infant formula. Because this formula feeding was most likely part of clinical care required by their vulnerable medical condition, we reasoned that subsequent morbidity more likely reflected poor health at birth rather than MBF at birth. To avoid this reverse causality, we excluded these 645 infants from the ''ever since birth'' definition in order to not overestimate the deleterious effects of MBF.
When the trial began, little information was available on breastfeeding-associated HIV transmission. When the United Nations Program on HIV/AIDS produced new guidelines in June 1998, we conducted formative research to inform an intervention to educate and counsel mothers about infant feeding and HIV. This intervention (16) promoted EBF to 6 mo for all HIVnegative mothers and HIV-positive mothers who chose to breastfeed and was, respectively, partially and fully implemented by September and November 1999. Thus, EBF rates were higher among infants enrolled later; therefore, all regression analyses were adjusted for enrollment date.
Child-years of observation were calculated for 2 time periods: 43 through 91 d and 92 through 182 d of age; infants were censored on the date of loss to follow-up or death. We used these periods for the primary analyses to avoid reverse causality resulting from overlapping exposure and outcome periods. The number of total sick clinic visits and cause-specific visits for lower respiratory tract infection (LRTI) and diarrhea were summed for each child during each time interval. The incidence of total and cause-specific clinic visits was calculated for the 43-91 d-interval stratified by breastfeeding practice (EBF, PBF, and MBF) at 6 wk, as defined by each definition (''ever since birth'' and ''previous 7 d''). These calculations were repeated for the 92-182-d interval stratified by breastfeeding practice at 3 mo. Incidence rate ratios (IRRs) were calculated with EBF as the reference group by using negative binomial regression to adjust for overdispersion.
Important covariates were identified by stepwise selection of variables (with entry and retention levels of P ¼ 0.20 and 0.10, respectively) in a negative binomial regression in which feeding group was forced into the model. In addition, baseline characteristics that were unevenly distributed among the breastfeeding groups were assessed for their confounding effect. Because of the small number of events in the cause-specific models, only the strongest covariates were retained. To address the possibility of breastfeeding status changing as a result of illness, a sensitivity analysis that excludes all sick clinic visits occurring within 7 d of breastfeeding status assessment was conducted.
We also hypothesized that if the breastfeeding mode changed because of infant disease or vulnerability and because infants who were sick in the past also tend to be sick subsequently, PBF and MBF in the past may be a marker of vulnerability. For example, provision of liquid or solid food because of loss of appetite due to disease or mixing of bitter medicine into sweet liquids or provision of ORS all shift children into PBF or MBF because of disease. To address this issue, we conducted a sensitivity analysis where we added a binary variable that was ''ever having had sick clinic visit due to diarrhea or LRTI in last 42 or 91 d'' as adjustment covariate to cause-specific regression analyses. A P value , 0.05 was considered to be significant.
RESULTS
Of the 14,110 mothers enrolled in the ZVITAMBO trial, 9207 tested HIV-negative at baseline and did not seroconvert during follow-up. Infant feeding data were provided by 6665 and 6878 HIV-negative mothers at 6 wk and 3 mo, respectively. After the exclusion of baseline MBF infants and mother-infant pairs who came for their visit more than 6 14 d from the scheduled visit date, 4965 and 4425 mothers were classified by the ''ever since birth'' definition at 6 wk and 3 mo, respectively ( Table 1) . A total of 5470 and 5398 mothers provided a 7-d feeding history within 14 d of the scheduled visit date at 6 wk and 3 mo, respectively (Table 1) . Mothers who were primiparous and younger and those with a male infant were less likely to exclusively breastfeed; other baseline characteristics did not differ across the 3 feeding groups ( Table 2) . Baseline characteristics were similarly distributed across feeding groups when defined by the ''ever since birth'' definition at 3 mo or when defined by either definition at 6 wk (data not shown). The background mortality rate was low; 99.6% of the 5398 infants who provided ''previous 7 d'' breastfeeding status at 3 mo were alive at 6 mo.
Breastfeeding practice, household income, and sick clinic visit rates were all strongly associated with date of enrollment into the trial. The EBF rate (during both time intervals defined by either definition) was highest among infants enrolled in the last quartile, reflecting introduction of the EBF promotion intervention ( Table  3) . Median household income fell and the proportion of families living on ,$1/d rose over the recruitment period. Rates of sick clinic visits fell, for both total and cause-specific visits and for the first and second 3-mo age intervals. This may reflect the declining economy because the proportion of sick clinic visits conducted at the study clinic (where treatment was free and transport costs were reimbursed) rose over the recruitment period.
Food items consumed by .1% of the PBF and MBF infants with the ''previous 7 d'' definition at 3 mo are illustrated in Figure 1 . Water, cooking oil, juice, traditional medicine, and gripe water were the most common liquids that shifted infants from EBF to PBF. Porridge was the most common food item that shifted infants from PBF to MBF; however, most MBF infants also consumed water, cooking oil, and juice.
Between 43 and 182 d, the infants included in the ''ever since birth'' and ''previous 7 d'' definitions made a total of 4951 and 5690 sick clinic visits, respectively; the all-cause sick clinic rate was similar by the 2 definitions (282.3 visits/100 child-years and 276.1 visits/100 child-years, respectively). In addition, with the use of either definition, the all-cause visit rate was higher during the 43-91-d interval than during the 92-182-d interval ( Table 4) . Upper respiratory infection and skin disease were the most common causes of sick clinic visits, accounting for 45.5% and 12.6% respectively, of the total visits among children included in the ''previous 7 d'' definition at 3 mo. Because breastfeeding practice was not significantly associated with sick clinic visits 1 EBF, exclusive breastfeeding; PBF, predominant breastfeeding; MBF, mixed breastfeeding. ''Previous 7 d'' refers to breastfeeding practice during the previous 7 d, and ''ever since birth'' refers to breastfeeding practice since birth.
2 The first value in parentheses corresponds to the proportion of infants classified as EBF, PBF, or MBF by the ''previous 7 d'' definition at 6 wk and 3 mo; the second value in parentheses corresponds to the proportion of infants classified as EBF, PBF, or MBF by the ''ever since birth'' definition at 6 wk and 3 mo. 1 Data are n (%) unless otherwise stated. Less than 2% of data are missing for all characteristics, except for hemoglobin and household income. EBF, exclusive breastfeeding; PBF, predominant breastfeeding; MBF, mixed breastfeeding. ''Previous 7 d'' refers to breastfeeding practice during the previous 7 d. 2 P value calculated by using a chi-square test across all 3 groups by ''previous 7 d'' breastfeeding definition. 3 Mean 6 SD (all such values). 4 P value calculated by using a Kruskal-Wallis test across all 3 groups by ''previous 7 d'' breastfeeding definition. 5 Calculated by using the method of Capurro et al (13) . 6 Includes breech, forceps, vacuum, and cesarean deliveries. 7 Midupper arm circumference; method described by Gibson (14) . 8 Primiparous mothers excluded. 9 Adjusted for inflation. 10 Median; 25th-75th percentile in parentheses (all such values).
for either of these causes (data not shown) and because both are rarely life threatening, our analysis focused on visits for LRTI and diarrhea. Based on the ''previous 7 d'' data, the visit rate for LRTI was higher in the 43-91-d interval than in the 92-182-d interval (63.5 and 46.4 visits/100 child-year, respectively), whereas the diarrhea-specific visit rate increased with infant age (14.6 and 26.3 visits/100 child-years during the 43-91-d and 92-182-d intervals, respectively). Values for all of these rates were similar when calculated based on infants included in the ''ever since birth'' feeding definition (Table 4) . 1 Tests of general association across the 4 enrollment quartiles: proportions with EBF, household income ,$1.00/d, and sick clinic visits at research clinic were tested by using chi-square tests (3 df); median income by using a KruskalWallis test; and incidence of sick clinic visits by using negative binomial regression (3 df Wald test); the result for each test was P , 0.001. LRTI, lower respiratory tract infection. 3 Definition refers to all foods consumed since birth. 4 Definition refers to all foods consumed during the previous 7 d. 5 Adjusted for inflation. 6 Based on infants who provided ''previous 7 d'' breastfeeding information at 3 mo.
FIGURE 1.
Food items consumed by .1% of the infants by breastfeeding practice during the previous 7 d at 3 mo of age. Percentage of infants who had consumed that item. EBF, exclusive breastfeeding (n ¼ 552); MBF, mixed breastfeeding (n ¼ 2946); PBF, predominantly breastfeeding (n ¼ 1900); ORS, oral rehydration solution. *Home remedy for colic and other stomach symptoms. Consists of dill, alcohol, and sodium bicarbonate. **Thickened porridge or dumpling made of maize meal. ***Porridge usually refers to diluted sadza.
TABLE 4
Illness-associated infant clinic visits for all causes, lower respiratory tract infection (LRTI), and diarrhea according to feeding mode between birth and 6 wk or 3 mo according to the ''ever since birth'' and ''previous 7 d'' definitions ''Previous 7 d'' refers to breastfeeding practice during the previous 7 d, and ''ever since birth'' refers to breastfeeding practice since birth.
2
Adjusted for enrollment date, parity, 5-min APGAR score, and religion.
3
Adjusted for enrollment, parity, and sex.
4
Adjusted for enrollment date.
5
Morbidity by breastfeeding practice at 6 wk (n ¼ 4965).
6
Total incidence rate: sick clinic visits for all causes, LRTI, and diarrhea per 100 cy.
7
Morbidity by breastfeeding practice at 3 mo (n ¼ 4425).
8
Morbidity by breastfeeding practice at 6 wk (n ¼ 5470).
9
Morbidity by breastfeeding practice at 3 mo (n ¼ 5398).
On the basis of the stricter ''ever since birth'' definition, infants who were predominantly and mixed breastfed before 6 wk of age had, respectively, 1.64 (95% CI: 0.88, 3.05) and 1.91 (95% CI: 0.99, 3.67) times more LRTI-specific clinic visits and 2.17 (95% CI: 0.70, 6.76) and 1.73 (95% CI: 0.52, 5.75) times more diarrhea-specific clinic visits during the subsequent 43-91-d interval than did infants who were exclusively breastfed during the first 42 d of life (Table 4 ). These differences were not as apparent when the ''previous 7 d'' definition was used. During the 92-182-d interval, infants who had been predominantly and mixed breastfed during the first 91 d of life made '20% more all-cause sick clinic visits based on either feeding group definition, although these differences were statistically significant only on the basis of the ''previous 7 d'' definition. This higher rate of total visits was primarily driven by diarrhea-specific visits, which were significantly higher based on the ''ever since birth'' definition ('8 times) and based on the ''previous 7 d'' definition ('2 times) in both the PBF and MBF infants than in the EBF infants. There was no significant difference in LRTI-specific visits between feeding groups based on either feeding definition during the 92-182-d period. A sensitivity analysis, excluding all sick clinic visits that occurred within 7 d from the breastfeeding assessment date, showed that the effect size remained similar (data not shown) and adjustment for vulnerability of the child in the past also did not modify the effect size (data not shown).
DISCUSSION
In this study, early EBF was associated with significantly fewer sick clinic visits than was early PBF or MBF among non-HIVexposed infants. The magnitude and significance of this association was particularly strong for diarrhea-specific visits.
Several methodologic features of this analysis strengthened our conclusions. First, comparison of subsequent morbidity according to previous breastfeeding practice minimized the effect of reverse causality. Second, we excluded infants who had been fed infant formula soon after birth most likely as a part of neonatal intensive care; inclusion of these infants would likely have overestimated the adverse consequences of MBF. Third, we conducted a sensitivity analysis that excluded sick clinic visits that occurred within 7 d of breastfeeding practice assessment and another analysis that adjusted for infant vulnerability in the past; it was confirmed that the effect size was similar. Fourth, we used 2 breastfeeding definitions that have different strengths and limitations and often correlate poorly (17) . Finally, we controlled for the effect of secular trends. Two mechanisms have been described to explain the protective effects of EBF compared with those of PBF or MBF. First, non-breast milk fluids and foods are often contaminated with pathogens when prepared under unhygienic conditions (18) (19) (20) , which results in diarrhea and subsequent malnutrition. Second, because breast milk contains a wide array of antiinfective properties, reduced breast milk volume would result in reduced intakes of these factors and leave the infant more vulnerable. Data are quite consistent, demonstrating a displacement effect by formula, animal milk, and solid food (21, 22) . However, recent studies indicate that PBF liquids do not result in lower breast milk intake (23, 24) . In our study, the deleterious effects of PBF and MBF were of remarkably similar magnitude in all the analyses that we conducted. This finding suggests that the excess diarrhea associated with PBF and MBF was more likely to be due to accompanying pathogens than to a reduced intake of breast milk and its antiinfective factors. Previous studies observed higher morbidity and mortality rates due to diarrhea among MBF infants than among EBF infants but similar rates among PBF infants and EBF infants in Bangladesh (5), in Peru (25) , and in a pooled analysis from India, Ghana, and Peru (11) . This may be because the food items that shift infants from EBF to PBF and MBF classifications differ depending on the setting. Future studies should examine the particular foods that contribute to PBF and MBF in their communities, as we did in this analysis.
The association between breastfeeding exclusivity and sick clinic visits was more modest for LRTI-specific visits than for visits for diarrhea, reaching marginal significance only among MBF infants during the 43-91-d interval when the ''ever since birth'' definition was used (IRR: 1.91; 95% CI: 0.99, 3.67; P ¼ 0.052). No adverse effect on LRTI associated with either PBF or MBF was observed in the pooled analysis (11) , and promotion of EBF was not associated with a reduction in morbidity due to respiratory infections (26) . Two previous studies reported a protective effect of EBF compared with MBF on respiratory infections; however, in one of these studies, nonbreastfed infants were included in the MBF group (5), and, in the other study, the periods of morbidity observation and breastfeeding status overlapped completely, so reverse causality may have occurred (25) . A possible explanation for the weaker association between EBF and respiratory infections may be that it is mediated by a chain of events where diarrhea is caused by PBF or MBF, which, in turn, gives rise to subsequent malnutrition and susceptibility to respiratory infections.
Several limitations of this study deserve mention. First, because breastfeeding practice was not randomized, the possibility of residual confounding exists because of unmeasured factors. Second, we did not collect data on the frequency or quantity of non-breast milk foods consumed by infants, nor did we collect data on the age at introduction of non-breast milk foods. Therefore, we were unable to estimate whether there is a threshold of nonexclusivity or infant age associated with increased morbidity. Third, our analysis used the breastfeeding practice that preceded the period of observation of outcome as the exposure variable; however, this may have resulted in misclassification of exposure, because the breastfeeding practice preceding the observation period may not necessarily reflect the breastfeeding practice during the period of observation. Finally, most of the clinic visits were conducted in public sector clinics, so we were reliant on nonresearch staff and the mothers themselves for morbidity reports.
The recommendation of exclusive breastfeeding from birth to 6 mo has emerged from the integration of the benefits of exclusive breastfeeding on a wide range of health outcomes, including infant growth, late return of maternal menstruation, and postpartum weight loss (27) . Although our study was not intended to assess the optimal duration of exclusive breastfeeding, our study supports and strengthens current recommendations to promote early EBF among all infants. Cluster randomized controlled studies of promotion of exclusive breastfeeding in Mexico (28), India (29) , and Belarus (26) found reductions in diarrhea in the intervention group.
Exclusive breastfeeding among HIV-negative Zimbabwean mothers is associated with significant health benefits to their infants. These findings, together with our earlier observation of reduced postnatal HIV transmission among HIV-exposed infants whose mothers practiced early EBF (9) , indicate that universal promotion of EBF is very likely to improve infant health. Our findings are particularly notable because our study was conducted among relatively well-educated urban women, the vast majority of whom had access to tap water, toilet facilities, and electricity.
